Abstract: Economic indicators and other indices measuring overall development describe local development trajectories differently. In this paper, we illustrated this difference and explored how urbanization is related to development by a case study in Inner Mongolia, China. We calculated the human development index (HDI) and compared the temporal and spatial dynamics of the overall development (represented by the HDI) and economic growth (represented by the GDP) in 2000 and 2010. We conducted partial correlation analysis between the HDI and urbanization rate whilst controlling for the effects of the GDP. Our results showed that the spatial pattern of the HDI was little in 2000 and became clearer in 2010 when the western part tended to have higher values and the northeastern part tended to have lower values. The spatial trend for the GDP was obvious in 2000 as the high values clustered in the northwest and the low values clustered in the southeast but became less obvious in 2010 when high values clustered in several counties in the southwest and low values took up almost the entire northeast and some counties in the middle. Furthermore, we found that the HDI of all the city districts were significantly higher than their surrounding rural counties in both 2000 and 2010. Urbanization rates are found to be positively correlated with the HDI even when we controlled the effects of the GDP (p < 0.001). This study illustrated that the HDI and GDP told different stories on local performance in development at the county level. Translating the fast economic growth into an improvement in education and health relies on many other factors and our results seem to suggest that urbanization is one of these factors.
Introduction
Economic indicators, especially the gross domestic product (GDP), have long been and are still widely used in practice to evaluate development [1] , even though economic growth is widely acknowledged as not being the only one aspect of development (e.g., [2, 3] ). The GDP is frequently used because (1) data for economic indicators, such as the GDP and income, is usually readily available; and (2) economic indicators often correlate with indices measuring overall development and therefore are considered representative to describe general development patterns. The use of economic indicators is especially widespread in countries such as China with rapid economic growth, where it often generates a dramatic growth curve indicating a great progress in development.
Recognizing that economic growth is only one aspect of development, researchers increasingly evaluate societies' development from multiple perspectives, using, for example, the capacity approach, the basic needs framework, and the quality of life measurement [4] . Based on these frameworks, researchers from different fields have developed numerous indices and indicators to quantify development trajectories through temporal and/or spatial comparative studies (e.g., [5] [6] [7] [8] [9] ). Among these indicators/indices, the most widely used is the human development index (HDI), first released in 1990 in the annual Development Reports of the United Nations Development Programme (UNDP) [10] .
Based on the capacity approach framework [11] , the HDI emphasizes that the ultimate goal of development is to enlarge people's capacities rather than to promote economic growth [12] . It composes three indicators: income, health and education. As an alternative to the GDP, it measures three key dimensions in development: a long and healthy life, being knowledgeable and having a decent living standard [13] . Since 1990, UNDP reports the HDI for countries all over the globe every year and uses it to compare countries' development progress. Since its first release in 1990, the HDI soon became one of the most popular development measurements, partly because of the open and time continuous datasets provided by UNDP. In addition, the straightforward calculation method of the HDI and its relatively low requirements for data make it attractive and operable to a variety of development assessments.
There are numerous studies related to the HDI. It is out of the scope of this paper to give a thorough review (but see [14] [15] [16] ). Instead, we recognized and summarized recent efforts to modify and apply the HDI in development assessments into three categories: (1) studies that apply the HDI to examine and compare its tempo-spatial variations in different countries (e.g., [17, 18] ); (2) studies that modify the HDI by adding one or more indicators on the environmental dimension, and compare the results between the original and modified HDI indices (e.g., [19, 20] ); and (3) studies that analyze the relationship between the HDI and other variables. Examples include incidence and mortality of certain disease [21] [22] [23] [24] [25] [26] , drug use [27] , patient profiles [28] , food consumption, obesity [29] , suicide and homicide [30] , prevalence of physical inactivity [31] , infrastructure [32, 33] , total fertility rate [34] , and worldwide governance indicators [35] .
Most of these studies we reviewed using nation as their analytical unit and exploring research questions at the global or national scale (e.g., [31, 36] ). Several studies, in contrast, focused on the local scale [32, 37] . Examples include constructing a municipal-based HDI based on census data [38] , and incorporating governance as an indicator to build a local level development index [39] . Interestingly, few studies have focused on the regional scale, which is worth studying for at least two reasons. First, development planning and decision-making often take place at the regional scale. Providing scientific evidence and influencing practice are the ultimate goals for all the development measurements and relevant studies. Examining development on the regional scale would contribute to future regional planning and decision-making; second, regional scale studies can allow analysis on spatial heterogeneities of economic and the overall development, which will be helpful to further explore the potential influencing factors on development.
One of the potential influencing factors is urbanization, which is often considered as a driving force as well as a result of economic growth [40] . This raises questions as to whether urbanization is related to economic growth and overall development and whether urbanization can contribute to overall development. These questions are worth exploring in case studies, especially in developing countries where fast urbanization is taking place.
Filling the gap between the global/national and local scale, our study applies the HDI to explore its regional dynamics in Inner Mongolia, China. We aim to assess the temporal and spatial variation of the HDI within the Inner Mongolia region, and compare it with the GDP at two points in time: 2000 and 2010. Specifically, we have two objectives. The first objective is to illustrate that although the GDP is highly correlated with the HDI, the two indicators may tell different stories at local and regional scales. The second objective is to draw preliminary conclusions from a case study in China on the relationship between urbanization, economic growth and socioeconomic development. Here, we asked three research questions: (1) What are the temporal and spatial patterns of the HDI for Inner Mongolia in 2000 and 2010? (2) Whether and how was it different from the GDP variation? (3) How does urbanization relate to HDI and GDP variation in 2000 and 2010? Answering these questions will contribute to our understanding of the temporal and spatial patterns of the HDI and GDP. It will also help to enhance our insights into the fast-growing economy in Inner Mongolia and its relationships with social progress and urbanization.
Methods

Study Area
Our study area, Inner Mongolia, is located in northern China with an area of 1183 thousand square kilometers and a population of 25 million people [41] . It encompasses 12% of China's land and has 101 counties. Inner Mongolia experienced dramatic economic growth [42] . From 2002 to 2009, its economic growth rate ranked first in China for eight continuous years. The average annual growth rate during the period 2002-2010 was 18.55% for Inner Mongolia [42] and 11% for the national average [43] . Rapid urbanization occurred during the same time. The urbanization rate in Inner Mongolia increased from 42.2% to 55.45% from 2000 to 2010 [44] . The urbanization rate for China was 36.2% in 2000 and 49.9% in 2010 for reference [45] . Large area, rapid economic growth, and fast urbanization make Inner Mongolia an ideal case to explore our research questions.
Measures
We used the county, the smallest administrative unit where census data is available, as the unit of analysis in this study. We obtained the GDP, population, numbers of students enrolled in primary and secondary schools from the Inner Mongolia Statistical Yearbooks [42, 46] . We obtained data on literacy, population by age groups and death tolls by age groups from the national census database [44, 47] . We used the urban population rate to describe the urbanization rate in counties. We calculated the urban population rate by dividing urban population by the total population, which were obtained from the Inner Mongolia Statistical Yearbooks [42, 46] . A census survey is carried out every 10 years in China. Therefore, we selected the two most recent census years, 2000 and 2010 to conduct our study.
HDI Calculation
We calculated the HDI (Human Development Index) according to the original method as it was first released in 1990 [10] . We first calculated the three indicators for income, health, and education (Table 1) . The income indicator was calculated from the per capita GDP (Equation (1)).
Health is measured by life expectancy (Equation (2)). We estimated life expectancy by using Life Expectancy Table based on age-group death rate [48] , which was calculated from populations and death tolls by age groups [44, 47] .
The education index has two components: adult literacy and gross school enrollment (Equation (3)). We used the proportion of the literate population aged above 15 to describe adult literacy. We calculated the gross school enrollment by dividing the total number of students enrolled in primary and secondary schools by the population aged between 5 and 19.
Finally, we calculated the average value of the three indicators as the HDI. The three indicators and the HDI all range between 0 and 1. The higher the value is, the better condition the indicator suggests (i.e., higher income, more education and longer life expectancy).
It is worth noting that UNDP released a new method to calculate the HDI in 2010 [49] , which modified income and education indices' calculation as well as how to aggregate the three indices. For the income index, the new method uses Gross National Product (GNP) per capita instead of the GDP per capita. For the education index, the new method uses the mean value of schooling years for adults instead of adult literacy; and the expected schooling years for children at school entrance age instead of the gross school enrollment. The new method uses the geometric mean instead of the arithmetic mean to aggregate the three indices. However, we were unable to obtain GNP, mean value of schooling years for adults, and expected schooling years for children at school entrance age for our study area. Limited by data availability, we used the original method to calculate the HDI in our study.
Statistical Analyses
We first calculated the HDI and urbanization rates for the 101 counties using data from 2000 and 2010. Then we produced a series of maps to visualize HDI indices and the per capita GDP for the years 2000 and 2010 (denoted as "HDI" and "GDP" for simplicity in the following text) as well as their changes by counties in ArcGIS™ 10.3 (ESRI, Redlands, CA, USA) [50] . Spatial autocorrelation analysis measures the spatial dependence of each county's values of the HDI and GDP at its geographical location. Here, we conducted a local spatial autocorrelation analysis and used the Anselin local Moran's I Index (Z) to examine whether there was spatial aggregation for the HDI and GDP in 2000 and 2010. Next, we ranked counties according to their per capita GDP and HDI, and compared their rankings between the two indices in 2000 and 2010. Finally, we conducted an independent-samples t-test of all the counties to test whether HDI values differ in urban and rural areas. We also used a partial correlation analysis to examine how urbanization related to GDP and HDI growth.
Results
Temporal and Spatial Patterns of HDI and GDP in 2000 and 2010
We found that the values of the HDI were highly heterogeneous spatially in both 2000 and 2010 ( Figure 1A Figure 1A ), which was echoed by the presence of the very few hot/cool spots in the spatial autocorrelation analysis ( Figure 1C ). In 2010, however, the western part of Inner Mongolia tended to have higher values of the HDI while the northeastern part tended to have lower values of the HDI ( Figure 1B ). As shown in the Figure 1D , the high values of the HDI clustered in the western part and the low values clustered in the northeastern part.
The spatial trend for the GDP was rather obvious in 2000 as the high values clustered in the northwest and the low values clustered in the southeast ( Figure 1E ). Such spatial trend became less obvious in 2010 when high values clustered in several counties in the southwest and low values took up almost the entire northeast and some counties in the middle ( Figure 1F ). As shown in Figure 1G ,H, the high value cluster expanded from 2000 to 2010 whereas the low value cluster shrank. 
Comparing HDI and GDP
The comparison of the spatial patterns of the GDP and HDI, and their changes from 2000 to 2010 showed differences and similarities. In general, the spatial pattern of the GDP in Inner Mongolia was less heterogeneous than that of the HDI (Figure 1E,F) . In other words, there was less difference in the GDP spatially across Inner Mongolia than that in the HDI. For example, there was a low-value belt of GDP from the northeast down to the southwest in both 2000 and 2010, but the HDI values did not show such a pattern. In addition, areas clustered with high or low values of per capita GDP were larger than those of the HDI in the year 2000 ( Figure 1G ). These differences, however, became smaller 
The comparison of the spatial patterns of the GDP and HDI, and their changes from 2000 to 2010 showed differences and similarities. In general, the spatial pattern of the GDP in Inner Mongolia was less heterogeneous than that of the HDI (Figure 1E,F) . In other words, there was less difference in the GDP spatially across Inner Mongolia than that in the HDI. For example, there was a low-value belt of GDP from the northeast down to the southwest in both 2000 and 2010, but the HDI values did not show such a pattern. In addition, areas clustered with high or low values of per capita GDP were larger than those of the HDI in the year 2000 ( Figure 1G ). These differences, however, became smaller in the year 2010. For example, areas clustered with high values of per capita GDP and the HDI largely overlapped and were quite similar in 2010. However, areas clustered with low values of per capita GDP were much smaller than those with low values of the HDI ( Figure 1H) .
We ranked 101 counties based on the HDI scores and the GDP in 2010, and then compared the two rankings of counties. The HDI and GDP rankings of 74 counties are found to differ by more than five places in 2010. The rankings for the HDI and GDP for eight counties differed by more than 30 places (Table 2) . The column "More favorable HDI rank" lists counties whose HDI ranking was higher than their per capita GDP and therefore their overall development is better than economic growth in terms of ranking. The column "Less favorable HDI rank" listed counties whose HDI ranking was lower than their per capita GDP and therefore their economic growth is better than the overall development in terms of franking.
For example, the ranking score of Linxi County's HDI (46 out of 101) was greatly above its per capita GDP ranking (89 out 101) in 2010. The difference in ranking was as high as 43 places, indicating that although its economic growth was among the last quantile, its overall development measured by the HDI performed well above average in Inner Mongolia. In contrast, Xinbaerhuzuo Banner showed a HDI rank (91 out 101) less favorable than its GDP per capita rank (41 out 101), indicating that although its economic growth was above the average level, the overall development measured by the HDI was among the last several counties in the study region. Whether there is a lag effect between society development (measured by the HDI) and economic development (measured by GDP) requires further research, as it may take some time to translate the financial wealth into human well-being.
Urbanization, GDP and HDI
We found that the HDI of all the municipal districts were higher than their surrounding rural areas and the differences were statistically significant (p < 0.001) in both 2000 and 2010 (Figure 2 ). In 2000, the mean of the HDI of the municipal districts was 0.83, while that of the surrounding rural areas was 0.77. In 2010, the difference of the mean HDI between municipal districts and their surrounding rural areas decreased from 0.057 in 2000 to 0.054 in 2010. The difference of 0.003 is fairly small, suggesting that the disparities between urban and rural areas in the HDI were reducing at a very slow pace.
Our results suggested that the HDI positively correlated with the urbanization rate measured by the proportion of urban population in both 2000 and 2010. When we controlled the effects of GDP, the partial correlation coefficients were 0.691 and 0.679 respectively in 2000 and 2010 with p-values smaller than 0.001. However, when controlling for the effects of the HDI, the urbanization rate was not 
Discussion
This study calculated the HDI and per capita GDP for the 101 counties in Inner Mongolia in 2000 and 2010. We found that both the HDI and GDP tended to have higher values in southwestern parts and lower values in northeastern parts of the study area. Although the HDI and GDP had similar spatial patterns, GDP values were more similar across counties than the HDI. When urbanization was considered, our results indicated that the urbanization rate contributed to a higher HDI when the effects of GDP were controlled.
Our results suggested that Inner Mongolia had an unbalanced regional development in both economy and the society, as indicated by the GDP and HDI. The southwestern area in Inner Mongolia had both a higher HDI and GDP than the northeastern area. Among 48 out of the 101 counties that have HDI values above the average value of 0.86 in 2010, 31 of them are located in the western part of Inner Mongolia. This is consistent with findings from previous studies [51, 52] .
The unbalanced regional development, however, was reflected differently, when looking at HDI and GDP rankings. As many as 74 counties ranked differently for the GDP and HDI and the difference is over five places. Table 2 showed that the rankings for nine and eight counties differed over 30 places between the HDI and GDP in 2000 and 2010 respectively. Local governors are frequently evaluated by the counties' GDP rankings. Dramatic differences between HDI and GDP rankings indicate an existing potential bias when only the GDP ranking is considered. Our results showed that all the urban districts (same level of administrative unit as county, used in urban areas) had higher HDI scores and per capita GDP than the rural counties in the same prefecture (the onelevel higher administrative unit than county). People, resources and wealth accumulate in cities. By definition, cities do better in economic and social development than their surrounding rural areas. Our findings are consistent with such expectation of cities. Results from partial correlation between the HDI, urban population proportion and the per capita GDP indicated that urbanization contributed to increase the HDI even after controlling for the impacts from the GDP. Moreover, the positive relationship between urbanization and the HDI was strong as the correlation coefficients were both larger than 0.6. These results indicated that with a similar level of economic development measured by the per capita GDP, urban areas tend to do better in life expectancy, school enrollment and adult literacy, and have higher HDI scores than rural areas. As revealed by the father of the HDI, Mahbub ul Haq, while development in local economy and GDP growth makes many social services and improvements within reach, whether this happens still relies on many other factors [12] . Our 
The unbalanced regional development, however, was reflected differently, when looking at HDI and GDP rankings. As many as 74 counties ranked differently for the GDP and HDI and the difference is over five places. Table 2 showed that the rankings for nine and eight counties differed over 30 places between the HDI and GDP in 2000 and 2010 respectively. Local governors are frequently evaluated by the counties' GDP rankings. Dramatic differences between HDI and GDP rankings indicate an existing potential bias when only the GDP ranking is considered. Our results showed that all the urban districts (same level of administrative unit as county, used in urban areas) had higher HDI scores and per capita GDP than the rural counties in the same prefecture (the one-level higher administrative unit than county). People, resources and wealth accumulate in cities. By definition, cities do better in economic and social development than their surrounding rural areas. Our findings are consistent with such expectation of cities. Results from partial correlation between the HDI, urban population proportion and the per capita GDP indicated that urbanization contributed to increase the HDI even after controlling for the impacts from the GDP. Moreover, the positive relationship between urbanization and the HDI was strong as the correlation coefficients were both larger than 0.6. These results indicated that with a similar level of economic development measured by the per capita GDP, urban areas tend to do better in life expectancy, school enrollment and adult literacy, and have higher HDI scores than rural areas. As revealed by the father of the HDI, Mahbub ul Haq, while development in local economy and GDP growth makes many social services and improvements within reach, whether this happens still relies on many other factors [12] . Our analysis suggested that urbanization is one of these factors, which has important impacts on the process of translating economic development into social improvement.
Some strengths and limitations exist. We used official government data for our variables and we relied on census data to calculate the HDI for counties. Since a census survey is conducted every ten years in China, we only had data in 2000 and 2010. As a result, we could not adopt the new method for calculating the HDI due to the lack of data on income and education. The lack of time continuous data limited our capacity to explain the change in the variables of interest between the 2000 and 2010. Failing to adopt the new method for calculating the HDI, however, may not impact our results significantly for the following reasons. First, replacing the GDP with GNP would not introduce much change since both foreign investment in this region and earnings gained by residents outside the region are neglectable; second, the new method replaces the adult literacy rate and school enrolling rate with schooling years (i.e., schooling years for adults and expected schooling years for children at school entrance age). Many developed countries do well in eliminating adult illiteracy and having all children enroll in school and score high in the education sub-index when measured by the old indicators. However, the new method can capture the difference in education performance among these countries by schooling years. Both the literacy rate and school enrollment rate vary considerably in our study area. Using them to calculate the education sub-index presents variations in education in our study area well since the education index ranged from 0.75 to 0.97 in 2010. Therefore, adopting the new indicators is not a prerequisite in our case study. Last, we used the geometric means of the three sub-indices to calculate the HDI and compared the results with that of the arithmetic means.
Although the values are different, the spatial patterns, changes from 2000 to 2010 and the relationship with urbanization rates remain similar.
Conclusions
We analyzed economic and social development in Inner Mongolia, China in 2000 and 2010 by calculating and comparing the per capita GDP and HDI in counties. Inner Mongolia as a whole experienced a dramatic economic growth during 2000-2010. As we found here, the values of both the HDI and GDP were very spatially heterogeneous and told very different stories on local performance in development at the county level. Having a high score in one of the two indicators does not necessarily guarantee a high score in the other. Future studies may examine which drivers lead to the disparities between northeast and southwest Inner Mongolia as well as such a sharp difference between HDI and GDP rankings. The coal mining industry grew during the period 2000-2010 in many counties within our study region, which brought GDP surges as well as other environmental and social impacts. How the mining development contributed to a HDI increase is a question worth examining. In addition, our study area include both agriculture and grazing regions. Whether natural environment and the way local people utilize natural resources influences the GDP and HDI patterns and changes is also worth exploring.
GDP growth and rankings are still frequently used as an important indicator in the evaluation of the performance of local governments. As revealed in our study, GDP rankings may be very different from HDI rankings. While the GDP measures how local economy performs, the HDI reveals how the local society supports people in terms of education and health. Instead of achieving a high score on economic growth, the ultimate goal for a society is to support people to fulfill their lives. Therefore, translating economic growth into improvements in education and health is important. As what we measure often affects what we do [4] , we argue that attention on GDP ranking should be reduced and more focus should be put on HDI rankings.
